An electromagnetic calorimeter (ECAL) has been developed for the COMET experiment at J-PARC in Japan, which searches for muon-to-electron conversion of a charged lepton flavor violating process with a single event sensitivity of 10 −17 . The observation of this process forbidden in the standard model (SM) gives a clear evidence of new physics beyond the SM. The experiment aims at achieving a single event sensitivity of 10 −17 . The detector system consists of an upstream tracker and the ECAL. The ECAL is required to have an energy resolution < 5% , position resolution < 1 cm, and time resolution < 1 nsec at 105 MeV, the signal electrons energy. In order to satisfy those requirements, the ECAL consists of LYSO scintillating crystals. Several ECAL prototypes have been developed and evaluated. They have shown an excellent energy resolution of 4.2%, and position resolution of 7.6 mm at 105 MeV/c, and time resolution < 1 nsec, linearity within 0.5%, and particle identification efficiency > 90%. In this paper the detailed design and performance of the ECAL are described.
Introduction
The COMET experiment will search for muon-to-electron conversion process in aluminum nuclei (µ − Al → e − Al) at J-PARC, Japan. Its branching ratio (BR) to muon capture is strongly suppressed to < 10 −54 in the standard model (SM) including neutrino oscillation. Some physics beyond the SM (BSM), such as supersymmetric grand unified theory [1] , enhance the BR up to 10 −15 , its observation is a clear signal of BSM. The experiment will be performed in two-stages, Phase-I and II (Figure 1) , which aim at single event sensitivities of 10 −15 and 10 −17 , respectively. To understand systematics from the beam line a beam profile measurement will be performed in the Phase-I 1 . The detector for the beam measurement and the Phase-II consists of a straw tube tracker and electromagnetic calorimeter, called StrECAL (Figure 2 ). 
Electromagnetic Calorimeter
The electromagnetic calorimeter (ECAL) supplies triggers. The trigger rate is dominated by muon decay in orbit (µN → eννN), electron energy of which reaches close to the signal, 105 MeV. Due to the intense beam many event pileups are expected, therefore signal separation and track matching with the tracker are important. The requirement to the ECAL is energy resolution is < 5%, time resolution < 1 nsec, and position resolution < 10 mm at 105 MeV. In addition, for the beam measurement the ECAL must distinguish particle kinds.
The COMET ECAL is a segmented array with a diameter of approximately 1 m consisting of LYSO (Lu 2−x Y x SiO 5 ) inorganic scintillating crystals with dimensions of 2 × 2 × 12 cm 3 . They have a high light yield and short decay constant compared to conventional inorganic scintillators. Since the StrECAL is operated in a vacuum of < 100 Pa and magnetic field of 1 T, Avalanche Photo Diode (APD) of Hamamatsu Photonics with a sensitive area of 10 × 10 mm 2 is adopted as the photodetector. The array is divided into 2 × 2 crystals modules, Figure 3 illustrates the design of them. A crystal is wrapped by two layers of PTFE and an ESR sheet of 3M. A PCB is attached on the back, on which an APD and slow control modules, LED and temperature sensor for gain monitoring, are mounted. 
ECAL performance evaluation
In order to evaluate the resolution and particle identification (PID) efficiency, we carried out experiments by using electron beams at Tohoku University, Japan in 2015 and by using π/µ/e beams at at PSI, Switzerland in 2015, respectively. Figure 5 shows the results: energy resolution of 4.2% and position resolution of 7.6 mm at 105 MeV/c, and PID efficiency > 90% against to all of π/µ/e over entire the momentum range. The PID efficiency was evaluated by including time-of-flight information in the StrECAL from a full Monte Carlo simulation based on the Geant4 toolkit. In addition, the time resolution and linearity were estimated at < 1 nsec and within 0.5%, respectively. As a conclusion, the basic performance satisfies the requirements.
The latest ECAL prototype was developed and tested in March 2017 together with a straw tracker prototype. This was the first performance evaluation experiment for a combined system of StrECAL prototypes. The data analysis is currently ongoing. 7.5.3
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